This review presents an overview of current knowledge of pancreatic exocrine regulation in nonru 
OVERVIEW: PANCREATIC EXOCRINE

REGULATION IN NONRUMINANTS
Pancreatic secretion of fluids and enzymes is con trolled by a complex and interrelated series of events involving the central nervous system and gastrointes tinal hormone release from the stomach and small and large intestines. Other endocrine organs such as the adrenal, thyroid and gonads may exert long lasting effects on enzyme synthesis ( decreased enzyme output from the pancreas is ob served in both the basal and stimulated state3 how ever, some basal level of secretion remains (20, 21 (8, 13, 14) . It should be noted, however, that much of the evidence for this phase of pancreatic secretion regulation is equivocal and in need of confirmation.
REGULATiON OF PANCREATIC EXOCRINE FUNCTION IN RUMINANTS
Although many of the neural, hormonal and hu moral mechanisms of regulation of pancreatic exo crime secretion have been identified in nonruminants, their role has not been fully defined in rnminants (42) .
The regulation of pancreatic exocrine secretion in
r@iminints is likely different than that in nonrumi nants because of the presence of pre-gastric fer mentation in the rumen (47) . The continuous ab sorption of fermentation end products from the rumen as well as the relatively constant flow of digests into the Intestinal tract contrasts greatly with the intermittent entry of nutrients into the small bowel coupled with metabolite fluxes that ac company the feeding patterns of nonruminants (47, 48) . Recent information has suggested that a rnminal phase of pancreatic regulation may exist and that short-chain volatile fatty acids (VPA) may mediate this phase of exocrine secretion (49) .
Data supporting the existence of various regulators
of pancreatic exocrine secretion In ruminants (i.e., neural, hormonal, paracrine, humoral) will be dis cussed in the context of the recognized phases of postprandial regulation of pancreatic exocrine se cretion existing in other species. Information sup porting the existence of an additional phase of pan creatic secretory control unique to ruminants will also be discussed.
Cephalic phase. It is questionable whether
ruminants exhibit a true cephalic phase of pancreatic secretion, because the sham-feeding of sheep fails to elicit increased pancreatic fluid or enzyme flow unless the sheep have been deprived of food (47) . There are ample data in rumin'nts suggesting that the nervous system plays a major role in the control of pancreatic exocrine secretion. Reynolds and Heath Indeed, the amylase response to butyrate was similar to that observed with CCX (49). Katoh and Tsuda (59) observed a positive relationship between the length of VFA (2â€"8 carbon atoms) and pancreatic juice, protein and amylase (data not shown) release, with isova lerate and butyrate increasing amylase release more than propionate and acetate (Fig. 4) (49, 59 ).
The exact mecb@nisms by which VFA stimulate pancreatic secretion have not been elucidated. This effect possibly may be mediated through insulin re lease, because propionate and butyrate are known to Fig. 7) (64) . Cholecystokinin and CCK-like peptides are the major hormonal stimulants of pancreatic protein and enzyme release (Fig. 8) (5,  50, 51, 53, 64 ). These two hormones potentiate each other's biological effects. This suggests that, during the feeding of high grain diets, there is an asynchrony between the flow of dietary starch into the intestines and the secretion of pancreatic amylase; this is especially so when one considers that amylase secretion accounts for only 2% of pancreatic fluid protein (Table 2) Humorai phase@As with nonruminants, the expen mental evidence supporting a post-absorptive or hu moral phase of pancreatic regulation in ruminants is tenuous.
Short-term stimulation of pancreatic amylase secretion by glucose Infusion and insulin injection has been documented in sheep (15) . In creased glucose absorption, such as occurs during in testinal infusion of glucose, may enhance pancreatic enzyme secretion via a paracrine effect of insulin (15) .
Insulin is known to stimulate protein synthesis in the pancreas, and this may indude enhanced synthesis of pancreatic enzymes (42 There is a debate as to whether all pancreaticen zymes are synthesized, transported in the cell and amylase secreted compared with trypsin ( Fig. 10) (50) . No consistent changes in these enzyme ratios were observed with introduction of acid into the duo denum or with gastrin infusion (50). Additionally, it is possible that different regions of the pancreas may secrete variable proportions of enzymes, as has been demonstrated in rats (71) . Under different feeding con ditions and diets, these types of mechanisms possibly may affect the ability of the ruminant pancreas to secrete amylase. To date, there have been no detailed studies in ruminants addressing these issues.
A number of post-secretory events may affect the efficiency with which pancreatic amylase degrades starch. Although the pancreatic amylase of some species is highly resistant to intrahimin@1 proteases, Moredynamictheoriesintegratingthe role these sub stances play in regulating digestion as they involve the pancreas are being proposed. 
